Abstract: Flowers (1000 g) of Ocimum canum harvested at different times (7 am, 10 am, 1 pm, 4 pm, and 7 pm) in a day were separately hydrodistilled and yielded 0.19 -0.27% (w/w) of essential oils. GC and GC-MS analyses revealed that the oils were predominated by oxygenated monoterpenoids (51.2-74.4%). Hydrocarbon monoterpenoids constituted 6.2-10.2% of the oils. Percentage composition of hydrocarbon and oxygenated sesquiterpenoids in the oils were in the range of 1.3-22.0%. The most abundant constituent of the oils was linalool (40.5-58.7%). Other principal constituents were as follows: Limonene (0.6 -7.5%), terpinen-4-ol (1.4-5.6%), eugenol (4.4-8.9%), geranyl acetate (0.2-4.9%), α-trans-bergamotene (3.2-9.4%) and (E)-isoeugenol (4.1-5.5%). The predominance of linalool in the oils showed that the oils were of linalool chemotype. Antibacterial activity of the oils was evaluated against Staphylococcus aureus and Escherichia coli using agar diffusion method. Irrespective of the time of collection of the flower, the oils were found to be active against the tested organisms. However, they are more active on Escherichia coli than Staphylococcus aureus. The activity of the oils on the organisms was concentration-dependent.
INTRODUCTION
Ocimum canum is an annual, odorous herb with several folkloric uses (1) . They are used in treating conjunctivitis and headaches (2) . The aerial parts of the plant are used as febrifuge and as an ingredient of many remedies of cold and sinusitis. An infusion of its leaves is used as a diaphoretic (3, 4) . Biochemical and biological activities of the plant extracts account for their use in herbal medicine (5) (6) (7) . The presence of phenolics, flavonoids, tannins and terpenoids that were established in the plant extracts is responsible for the activities exhibited by the plant (8) .
The existence of linalool, eugenol, trans-methylcinnamate, methyl chavicol, eucalyptol, and camphor chemotypes of leaf oil of O. canum have been reported in Rwanda, Nigeria, Sao Tome, Brazil, India, and Cameroon (5, (9) (10) (11) (12) (13) (14) . Similarly, linalool, cis-and trans-piperitol chemotypes of flower oil of the plant grown in Rwanda and Burkina-Faso have been discovered (9, 15) .
Variation in the chemotypes of the oils is attributable to environmental and physiological factors at various locations of the plant that bears the essential oils (5) . These factors determine the activity of the enzyme that facilitates the biosynthesis of terpenoid constituents of essential oils from their respective precursors in plants (16) . Hence, the factors could cause a variation in phytochemical profiles and biological activities of the oils. At a particular plant location, the factors could vary from time to time in a day. It is on the basis of this that this work aimed at monitoring the effect of collection time on the chemical composition and antibacterial activity of essential oil from flower of the plant on Escherichia coli and Staphylococcus aureus.
MATERIALS AND METHODS

Sample Collection and Preparation
Flowers of O. canum were harvested from its mature plant at park and garden of University of Ilorin, Ilorin, Kwara State Nigeria. The harvests were carried out at various times in a day (7 am, 10 am, 1 pm, 4 pm, and 7 pm). Identification of the plant was done in the herbarium of Plant Biology Department, University of Ilorin, Ilorin where a voucher sample was deposited (UILH/001/608). The harvested samples were separately pulverized. The test organisms were obtained from the culture collection of the Department of Microbiology, University of Ilorin. The organisms were isolated and characterized by colonial, microscopic, and biochemical techniques in a previous study (17) .
Isolation of the Oil
1000 g of each of the pulverized flowers of Ocimum canum was hydro-distilled for 3 hours in a Clevenger-type apparatus, according to the British Pharmacopoeia specification (18) . The resulting oil from each sample was collected, preserved in a sealed sample tube, and stored under refrigeration until analysis.
Gas chromatography (GC) analysis
Essential oil from each of the harvests was diluted in n-hexane by 1000-fold and subjected to GC analysis. The GC analyses were performed on an Orion micromat 412 double focusing gas chromatography system fitted with two capillary columns coated with Cp-Sil 5 and Cp-Sil 19 (fused silica, 25 m x 0.25 mm, 0.15μm film thickness) and flame ionization detector (FID). The volume injected was 0.2 µL, and the split ratio was 1:30. Oven temperature was programmed from 50 -230 °C at 3 °C/min using hydrogen as a carrier gas. Injection and detector temperatures were maintained at 200 °C and 250 °C, respectively. Qualitative data were obtained by electronic integration of FID area percent without the use of correction factors. 
Gas Chromatography -Mass Spectrometry (GC/MS) Analysis
Antibacterial Assay (Agar Diffusion Method)
Antibacterial activity of the oils was determined using agar diffusion method described by Quantitatively, linalool was more abundant in the oil of 4 pm harvest than other oils. Similarly, terpinen-4-ol was of greater abundance in the oil of 1 pm harvest than other oils. Geranial and eugenol were more abundant in the oil of 10 am harvest than other oils. β-Elemene was detected in higher quantity in the oil of 7 am and 10 am harvests than other oils. However, β-cubebene and δ-cadinene were found in higher quantities in the oils of 4 and 7 pm harvests than other oils.
Terpinen-4-ol and eugenol occurred in appreciable quantities in the oils but more abundant in the oils from 7 am and 1 pm harvests, respectively. δ-Guaine was more abundant in the oil of 7 am harvest than other oils. Quantitative variations in the oil constituents are attributable to difference in activity of synthases that mediate the formation of the compounds from their respective precursors (23) .
The biosynthesis of terpenoids is usually catalyzed by the synthase of the most abundant monoand sesquiterpenoids in the presence of a divalent metal ion via cationic intermediates. These intermediates subsequently undergo series of reactions such as; hydride shift, cyclization, and other rearrangements until the reaction is terminated by proton loss or hydration to form various terpenoids (21, 23) . The reactions do proceed by cationic mechanism.
Reaction mechanisms
The predominance of linalool in the oils implied that its synthase mediates the transformation of geranyl and neryl pyrophosphates to all monoterpenoids in the oils via cationic intermediates followed by deprotonation at C4 produced α-bergamotene (47) in the oils from 1-7 pm harvests. The oils inhibited the test organisms at 50 and 100% concentrations irrespective of the time of collection (Table 2) 
